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IMAGE READING DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image reading device 
Which uses a linear scanner to read a plurality of frame 
images While transporting an elongated information carrier 
on Which the frame images are recorded. 

2. Description of the Related Art 
Recent years have seen the spread of a technology in 

Which an image is formed on a recording material by the 
folloWing process. Firstly, a frame image recorded on an 
image information carrier, for example, a photographic ?lm, 
is photoelectrically read by a line sensor such as a CCD. The 
digital image data obtained from the reading is then sub 
jected to image processings such as reduction or enlarge 
mentor various types of correction. An image is then formed 
on the recording material using a laser light modulated on 
the basis of the digital image data obtained after the image 
processings. 

In order to achieve a precise image reading using this 
technology in Which a frame image is digitally read by an 
area sensor such as a CCD, the frame image ?rst undergoes 
a preliminary reading (usually called a “prescan”) and 
reading conditions (such as the amount of light irradiated 
onto the frame image and the charge accumulation time of 
the CCD) are set in accordance With the density and the like 
of the frame image. The frame image is then read again 
under the set reading conditions (called “?ne scanning”). 

HoWever, When the ?lm is the neW photographic ?lm 
provided With a magnetic recording layer (referred to beloW 
as “APS”), magnetic information processing tasks (reading 
and Writing) are performed in addition to the image reading. 
Accordingly, four steps in a ?lm processing series are 
performed, namely, reading magnetic information from the 
magnetic recording layer, Writing magnetic information to 
the magnetic recording layer, prescanning using the area 
sensor, and ?ne scanning using the area sensor. 

When image reading is performed using an area sensor, 
the transporting of the photographic ?lm has to be stopped 
at the reading position for each frame in order to read the 
image frame. HoWever, While the transporting is stopped, 
Writing of the magnetic information cannot be carried out 
resulting in the image reading and magnetic information 
processing tasks taking an inconveniently long time. 

For this reason, the present inventors attempted to intro 
duce image reading using a line sensor in order to achieve 
a reduction in the length of time required to read an image 
and to process magnetic information tasks. More 
speci?cally, the prescan and the magnetic information read 
ing are performed during the outWard (forWard) transporting 
and the magnetic information Writing is performed at the 
same time as the ?ne scanning is being performed during the 
return transporting. This enables the four processings to be 
completed ef?ciently in one reciprocal transporting. 

At this point, the Writing of the magnetic information 
requires the transporting speed to be constant, hoWever, the 
transporting speed during ?ne scanning differs for each 
image frame on the basis of the reading conditions. 
Accordingly, if magnetic information Writing is started at a 
transporting speed for ?ne scanning a particular image 
frame, then even if the ?ne scanning of that image is 
completed, if the Writing of the magnetic information is not 
completed, the magnetic information Writing has to be 
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2 
continued at the current transporting speed. As a result of 
this, When a particular image frame is ?ne scanned, the 
image information carrier ends up advancing partWay into 
the neXt image frame in order to Write the magnetic infor 
mation (referred to beloW as “overrun”). Therefore, it has 
been necessary to transport the image information carrier in 
reverse for a predetermined distance before performing ?ne 
scanning on the neXt image frame. 

In other Words, the structure of a device Which performs 
reading and Writing of magnetic information as Well as 
image reading during a reciprocal transportation along the 
same transporting path is simple, hoWever, the distance of 
the overrun becomes large if accurate magnetic information 
processing and image reading are to be carried out, and it is 
unavoidable that the ?lm image carrier has to be transported 
in reverse for the distance corresponding to the overrun 
distance. As a result, in spite of the fact that a line sensor Was 
being used, the long length of time required to read the 
images of one APS ?lm Was a problem. 

SUMMARY OF THE INVENTION 

In consideration of the above, the aim of the present 
invention is to provide an image reading device capable of 
making the time taken to transport an image information 
carrier as short as possible, When magnetic information 
processing and image reading are performed during the 
same transporting. 

The ?rst aspect of the present invention is an image 
reading device Which transports an elongated image infor 
mation carrier on Which a plurality of image frames are 
recorded and Which is provided With a magnetic recording 
layer on Which is recorded magnetic information, and Which 
reads image information of each image frame, comprising a 
linear scanner Which performs a prescan for preliminarily 
reading image information of each image frame and Which 
performs a ?ne scan for reading image information of each 
image frame under reading condition set on the basis of 
image information obtained in the prescan, a magnetic 
information reading and Writing section Which reads mag 
netic information on the magnetic recording layer during the 
prescan and Writes magnetic information during the ?ne 
scan, and transporting means Which transports the image 
information carrier during the prescan along a transporting 
path at a constant speed and Which, for each image frame, 
transports the image information carrier during the ?ne scan 
along the transporting path at a speed set for each image 
frame in accordance With the reading condition and trans 
ports the image information carrier in a reverse direction of 
a transporting direction of the ?ne scan by a predetermined 
amount, Wherein the Writing of the magnetic information of 
each image frame is performed after the transporting speed 
of the image information carrier has converged to Within a 
predetermined range With regard to the transporting speed 
for ?ne scanning set for each image frame. 

According to the ?rst aspect of the present invention, it is 
possible to start the Writing of the magnetic information of 
an image frame after the transporting speed of an image 
information carrier has converged to Within a predetermined 
range With respect to the transporting speed for ?ne scanning 
set for an image frame (either the image frame being ?ne 
scanned or another image frame). In this case, because the 
magnetic information Writing requires the transporting 
speed to converge to Within a predetermined range on either 
side of a constant speed, if the magnetic information Writing 
takes longer than the ?ne scan, the image information carrier 
ends up being transported to a position partWay into the neXt 
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image frame at the transporting speed for ?ne scanning set 
by the reading conditions (called “overrun” below). 
HoWever, in the present invention, because it is possible to 
perform the image information Writing after transporting 
speed of the image information carrier has converged to 
Within a predetermined range With regard to the transporting 
speed for ?ne scanning, namely, because it is possible to 
perform the image information Writing prior to the ?ne 
scanning, the distance of the overrun can be controlled to a 
minimum. Accordingly, the processing time required for the 
image information carrier can be made as short as possible. 

Note that because the image information carrier is trans 
ported at a constant speed during the prescan, the reading of 
the magnetic information can be performed at the same time. 

The second aspect of the present invention is an image 
reading device according to the ?rst aspect of the present 
invention in Which the magnetic information reading and 
Writing section is disposed at a position Where, at the same 
time as the linear scanner starts the ?ne scanning of one of 
the image frames, the Writing of magnetic information for 
one of the image frames can be started. 

According to the second aspect of the present invention, 
at the same time as the linear scanner starts performing the 
?ne scanning of an image frame, the magnetic information 
reading and Writing section can start performing magnetic 
information Writing for an image frame (either for another 
image frame or the image frame being ?ne scanned). 
Accordingly, the Writing of the magnetic information can be 
performed after the transporting speed of the image infor 
mation carrier has de?nitely converged to Within a prede 
termined range. 

The third aspect of the present invention is an image 
reading device according to the ?rst or second aspect of the 
present invention in Which a distance betWeen a Writing 
position Where magnetic information Writing is performed 
on the image information carrier by the magnetic informa 
tion reading and Writing section and a reading position 
Where image reading is performed on the image information 
carrier by the linear scanner is an integral multiple of a pitch 
of the image frame. 

According to the third aspect of the present invention, for 
example, When the ?ne scanning of a particular frame image 
is started, the Writing of the magnetic information of the next 
frame image to the magnetic recording layer of the next 
frame image can be started. Accordingly, the Writing of the 
magnetic information can be started at the same time of 
performing the ?ne scan, and the processing time can be 
reduced. 

The fourth aspect of the present invention is an image 
reading device according to the ?rst, second or third aspect 
of the present invention, in Which the transporting of the 
image information carrier is stopped at the same time as the 
?ne scanning of each image frame by the linear scanner and 
the Writing of the magnetic information for each image 
frame have been completed. 

In Which the transporting of the image information carrier 
is stopped after the ?ne scanning of an image frame by the 
linear scanner and the Writing of the magnetic information 
have been completed. 

According to the fourth aspect of the present invention, by 
stopping the transporting of the image information carrier 
immediately after the ?ne scanning of an image and the 
Writing of magnetic information have been completed, the 
overrun distance can be controlled to a minimum. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW shoWing the entirety of the 
image reading device according to an embodiment of the 
present invention. 

10 

15 

25 

35 

45 

55 

65 

4 
FIG. 2 is a front vieW shoWing a cross section of the 

optical system of the image reading device according to an 
embodiment of the present invention. 

FIG. 3 is a side vieW shoWing a cross section of the optical 
system of the image reading device according to an embodi 
ment of the present invention. 

FIG. 4A is a plane vieW shoWing an example of a 
diaphragm, FIG. 4B a turret, FIG. 4C a lens aperture, and 
FIG. 4D a CCD shutter. 

FIG. 5 is a diagram shoWing only the principal portions of 
an optical system of the image reading device according to 
an embodiment of the present invention. 

FIG. 6 is a block diagram shoWing the schematic structure 
of the electrical system of the image reading device accord 
ing to an embodiment of the present invention. 

FIG. 7 is a diagram shoWing another example of a turret 
according to an embodiment of the present invention. 

FIG. 8 is a schematic diagram shoWing the ?lm carrier 
transporting system according to an embodiment of the 
present invention. 

FIG. 9 is a How chart shoWing the image reading process 
in the present embodiment. 

FIG. 10 is a How chart shoWing the ?ne scan process 
according to the present embodiment. 

FIG. 11 is a diagram explaining the transportation of an 
APS ?lm in the ?ne scan process according to the present 
embodiment. 

FIG. 12 is a diagram shoWing the transportation speed 
control state according to a present embodiment. 

FIG. 13 is a diagram explaining the transportation of an 
APS ?lm in the ?ne scan process according to a different 
embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the present invention Will noW be 
explained With reference to the ?gures. 
As is shoWn in FIG. 1, the image reading device 10 

according to the present embodiment is basically formed 
from a linear CCD scanner 14, an image processing section 
16, and a Work section 17. 
The Work section 17 is formed from a mouse 20 provided 

on a Work table 27, tWo types of keyboard 12A and 12B, and 
a display unit 18. 
One keyboard 12A is embedded into the Work surface 

27U of the Work table 27, While the other keyboard 12B is 
housed in a draWer 24 of the Work table 27 When not in use 
and is brought out of the draWer 24 and placed on top of the 
keyboard 12A to be used. At this time, the cord of the 
keyboard 12B is connected to a jack 110 connected to the 
image processing section 16. 
The cord of the mouse 20 is connected to the image 

processing section 16 via a hole 108 (see FIG. 2) provided 
in the Work table 27. 
The image processing section 16 is housed in a housing 

section 16Aprovided in the Work table 27 and is enclosed by 
a door 25. Note that the image processing section 16 is taken 
out by opening the door 25. 
The linear CCD scanner 14 is designed to read ?lm 

images recorded on photographic ?lms such as negative ?lm 
and reversal ?lm. The linear CCD scanner 14 is able to read 
?lm images on, for example, siZe 135 photographic ?lm, 
siZe 110 photographic ?lm, photographic ?lm having a 
transparent magnetic layer formed thereon (siZe 240 photo 



US 6,621,602 B1 
5 

graphic ?lm—knoWn as APS ?lm), and size 120 and 220 
photographic ?lms (Brownie sizes). The linear CCD scanner 
14 reads the ?lm images to be read using a linear CCD 116 
and outputs data of the images. 

In this speci?cation, the term “photographic ?lm” refers 
to a ?lm on Which an object is photographed and Which then 
undergoes developing processing to visualiZe a positive or 
negative image thereon. 

The image processing section 16 receives image data 
output from the linear CCD scanner 14 and performs image 
processing such as various types of image correction on the 
input image data. The image processing section 16 then 
outputs the image data to an unillustrated laser printer as 
image data to be used for recording. 
As is shoWn in FIGS. 2 and 3, the linear CCD scanner 14 

optical system is provided With a halogen lamp section 30 
disposed beneath the Work table 27, a diffusion boX 40 
supported by the Work table 27, a ?lm carrier 38 Which is set 
on the Work table 27, and a reading section 43 disposed on 
the opposite side of the Work table 27 to the halogen lamp 
section 30. 

The halogen lamp section 30 is housed inside a metal 
casing 31 and a halogen lamp 32 is provided inside the metal 
casing 31. 

Are?ector 33 is disposed around the halogen lamp 32 and 
a portion of the light emitted from the halogen lamp 32 is 
re?ected by the re?ector 33 toWards the diffusion boX 44. 
A plurality of lamps 34 are disposed at the sides of the 

re?ector 33 (see FIG. 2). The fans 34 operate While the 
halogen lamp is turned on to prevent the inside of the casing 
31 from overheating. 
AUV/IR cut ?lter 35, a diaphragm 39, and a turret 36 are 

disposed in that order on the optical aXis L of the light 
emitted from the re?ector 33 on the side of the re?ector 33 
from Which the light eXits. The UV/IR cut ?lter 35 cuts light 
in the ultraviolet and infrared Wavelengths thereby prevent 
ing the temperature of the photographic ?lm 22 from rising 
and increasing the reading accuracy. The diaphragm 39 
adjusts the amount of light from the halogen lamp 32 and the 
amount of re?ected light from the re?ector 33. The turret 36 
is ?tted With a balance ?lter 36N for negative ?lms and a 
balance ?lter 36P for reversal ?lms (see FIG. 4B) Which set 
color components of the light reaching the photographic ?lm 
22 and the reading section 43 appropriate to the type of 
photographic ?lm (i.e. negative ?lm or reversal ?lm). 

The diaphragm 39 comprises a pair of plate materials 
disposed on either side of the optical aXis 39 Which are able 
to slide closer together or further aWay from each other. As 
is shoWn in FIG. 4A, notches 39A are formed in one end of 
each of the pair of plate materials forming the diaphragm 39 
running from one end of each plate material to the other end 
of the plate material in the direction of the sliding move 
ment. The notches 39A are formed in such a Way that the 
cross section of each plate material changes continuously in 
the direction orthogonal to the direction of the sliding 
movement and the notches 39A are disposed facing each 
other. 

In the above structure, one of the ?lters 36N or 36P in 
accordance With the type of photographic ?lm is positioned 
on the optical aXis L so that the light has the desired color 
components, and the amount of light passing through the 
diaphragm 39 is adjusted to the desired amount by the 
position of the diaphragm 39. 

Note that the turret is not limited to that explained above 
(i.e. in FIG. 4B) and the turret may be formed from a cyan 
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6 
?lter turret 36C for absorbing red light, a magenta ?lter 
turret 36M for absorbing green light, and a yelloW ?lter 
turret 36Y for absorbing violet light. A plurality of cyan 
?lters of differing densities 36C1, 36C2, and 36C3 are 
inserted into the turret 36C With the density of each ?lter 
increasing in the order 36C1, 36C2, 36C3. The other turrets 
36M and 36Y are structured in the same Way as the turret 
36C. Each turret 36C, 36M, and 36Y is also able to be 
rotated so that the ?lters selected in each turret can be 
superposed on top of each other on the optical aXis L. 

The diffusion boX 40 is formed so that the closer to the top 
thereof, ie the closer to the photographic ?lm 22, the 
narroWer the diffusion boX 40 is in the sub-scanning direc 
tion (see FIG. 2) and the Wider the diffusion boX 40 is in the 
main scanning direction (see FIG. 3). 

Accordingly, light Which enters into the diffusion boX 40 
is converged in the sub-scanning direction by the side 
surfaces of the diffusion boX 40 so as to be irradiated onto 
the reading position of the photographic ?lm 22 and also to 
be diffused in the main scanning direction along the reading 
position. As a result, the amount of light irradiated onto the 
reading position is increased and high quality image data can 
be obtained. 

The diffusion boX 40 is shaped so as to be Wider in the 
main scanning direction, but it may also maintain a uniform 
Width or be narroWer in the main scanning direction. 

Note that the diffusion boX 40 is intended for use With a 
siZe 135 photographic ?lm, hoWever, a diffusion boX shaped 
for a different photographic ?lm may also be provided. 
Moreover, the light diffusing plate 120 is disposed on the 
light entering side of the diffusion boX 40, hoWever, it may 
also be disposed on the light exiting side thereof or may be 
disposed beneath the ?lm carrier 38. 

Like the diffusion boX 40, a ?lm carrier 38 is also 
provided for each type of photographic ?lm 22 and is 
selected in accordance With the photographic ?lm 22. 

Long, narroW apertures (not illustrated), Which are longer 
than the Width of the photographic ?lm 22 in the WidthWise 
direction thereof, are provided at a position on the top and 
bottom surfaces of the ?lm carrier 38 corresponding to the 
optical aXis L. Slit light from the diffusion boX 40 is 
irradiated onto the photographic ?lm 22 via the aperture in 
the bottom surface of the ?lm carrier 38 and light passing 
through the photographic ?lm 22 reaches the reading section 
43 via the aperture provided in the top surface of the ?lm 
carrier 38. 

An unillustrated guide is also provided in the ?lm carrier 
38 for guiding the photographic ?lm 22 so that the photo 
graphic ?lm 22 curves at the position Where it is illuminated 
by slit light from the diffusion boX 40 (i.e. the reading 
position). The guide ensures the planarity of the photo 
graphic ?lm at the reading position. 
The diffusion boX 40 is also supported so that the upper 

surface thereof is close to the above described reading 
position. Accordingly, notched portions are provided in the 
bottom surface of the ?lm carrier 38 to prevent the ?lm 
carrier 38 and diffusion boX 40 from interfering With each 
other When the ?lm carrier is being loaded. 

Note also that the ?lm carrier is structured so as to be able 
to transport the photographic ?lm 22 at a plurality of speeds 
in accordance With the density and the like of the ?lm image 
during prescanning and ?ne scanning. 
The reading section 43 is housed inside a casing 44. A 

loading stand 47, on the top surface of Which is mounted a 
linear CCD, is disposed inside the casing 44 and a plurality 
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of support rails 49 are suspended from the loading stand 47. 
A lens unit 50 capable of sliding in the directions indicated 
by the arrows Aeither toWards or aWay from the Work table 
27 to perform changes in the magni?cation such as enlarge 
ment or reduction is supported by the support rails 49. A 
support frame 45 stands upright on the Work table 27. The 
loading stand 47 is supported by guide rails 42 attached to 
the support frame 45 so as to be able to slide in the directions 
indicated by the arroWs B either toWards or aWay from the 
Work table 27 in order to ensure a conjugate distance during 
the aforementioned magni?cation changes and auto focus 
sing. The lens unit 50 is comprised of a plurality of lenses 
and a lens aperture 51 is disposed betWeen the plurality of 
lenses. As is shoWn in FIG. 4C, the lens aperture is provided 
With a plurality of substantially C-shaped aperture plates 
51A. Each aperture plate 51A is disposed uniformly around 
the circumference of an optical aXis L, and one end of each 
aperture plate 51A is aXially supported by a pin and is able 
to rotate around the pin. The plurality of aperture plates 51A 
are connected via an unillustrated link and rotate in the same 
direction When the driving force of a lens aperture drive 
motor (described beloW) is transmitted thereto. As the aper 
ture plates 51A rotate, the area of the portion centered 
around the optical aXis L not shaded by the aperture plates 
51A (in FIG. 4C, the substantially star shaped area) changes 
and the amount of light Which passes through the lens 
aperture 51 also changes. 

The linear CCD 116 is provided With a plurality of 
photoelectric conversion elements such as photodiodes and 
CCD cells arranged in a line in the WidthWise direction of 
the photographic ?lm 22. The linear CCD 116 is also 
provided With sensing portions, each having an electronic 
shutter mechanism, arranged in three parallel lines With a 
space betWeen each line. On the light entering side of each 
sensing portion is mounted one of either an R color sepa 
ration ?lter, a G color separation ?lter, or a B color sepa 
ration ?lter. This linear CCD structure is knoWn as a 3 line 
color CCD. In the vicinity of each sensing portion are 
provided transmission portions each of Which corresponds to 
a sensing portion and is comprised of a plurality of CCD 
cells. The electric charges Which accumulate in the CCD cell 
of each sensing portion are transmitted in sequence via the 
corresponding transmission portion. 
A CCD shutter 52 is also provided on the light entering 

side of the linear CCD. As is shoWn in FIG. 4D, an ND ?lter 
52ND is set to the shutter 52. By rotating in the direction of 
the arroW u, the CCD shutter 52 sWitches betWeen the 
folloWing states: a fully closed state in Which no light is 
alloWed to enter the linear CCD 116 in order to perform 
darkness correction (i.e. a portion of the CCD shutter 52 
Where the ND ?lter 52ND is not inserted, such as the portion 
52B, is positioned at the position 52C Which includes the 
optical aXis L); a fully open state in Which light is alloWed 
to enter the linear CCD 116 in order to perform lightness 
correction and normal reading (the state shoWn in FIG. 4D; 
and a reduced light state in Which the light entering the linear 
CCD 116 is reduced by the ND ?lter 52ND in order to 
perform linearity correction (the ND ?lter 52 ND is posi 
tioned at the position 52C). 
As is shoWn in FIG. 3, a compressor 94 for generating a 

cooling Wind to cool the photographic ?lm 22 is disposed 
under the Work table 27. The cooling Wind generated by the 
compressor 94 is supplied via feed pipes 95 to an unillus 
trated section Where the ?lm carrier 38 is read. This alloWs 
the area at the position Where the photographic ?lm 22 is 
read to be kept cool. Note that the feed pipes 95 pass through 
a How sensor 96 for detecting the How amount of the cooling 
Wind. 
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8 
The schematic structure of the electrical system of the 

linear CCD scanner 14 and the image processing section 16 
FIG. 5 Will noW be described using FIG. 6, While also 
referring to the main portions of the optical system of the 
linear CCD scanner 14. 

The linear scanner 14 is provided With a microprocessor 
46 Which manages the overall control of the linear CCD 
scanner 14. RAM 68 (eg SRAM) and ROM 70 (eg ROM 
capable of having the contents stored therein reWritten) are 
connected to the microprocessor 46 via a bus 66. In addition, 
the microprocessor 46 is connected to a lamp driver 53, a 
compressor 94, a How sensor 96, and a motor driver 48. The 
lamp driver 53 turns a halogen lamp 32 on and off in 
response to a signal from the microprocessor 46. The 
microprocessor 46 also operates the compressor 94 so that 
cooling Wind is supplied to the photographic ?lm 22 When 
a ?lm image on the photographic ?lm 22 is being read. Note 
that the amount of How of the cooling Wind is detected by 
the How sensor 96 so that the microprocessor 46 is able to 
detect any abnormalities. 

A turret drive motor 54 for driving the turret 36 to rotate 
in the direction shoWn by the arroW t in FIG. 4B so that one 
of either the balance ?lter N for negative ?lms of the turret 
36 or the balance ?lter P for reversal ?lms of the turret 36 
is positioned over the optical aXis L, and a turret position 
sensor 55 for detecting the reference position (an unillus 
trated notch) of the turret 36 (see also FIG. 4B) are con 
nected to the motor driver 48. A diaphragm drive motor 46 
for sliding the diaphragm 39, a diaphragm position sensor 57 
for detecting the position of the diaphragm 39, a reading 
section drive motor 58 for sliding the loading stand 47 (i.e. 
the linear CCD and the lens unit 50) along the guide rails 42, 
a reading section position sensor 59 for detecting the posi 
tion of the loading stand 47, a lens driving motor 60 for 
sliding the lens unit 50 along the guide rails 49, a lens 
position sensor 61 for detecting the position of the lens unit 
50, a lens aperture drive motor 62 for rotating the aperture 
plates 51A of the lens aperture 51, a lens aperture position 
sensor 63 for detecting the position of the lens aperture 51 
(i.e. the position of the lens aperture plates 51A), a shutter 
drive motor 64 for sWitching the CCD shutter 52 betWeen a 
fully closed state, a fully open state, and a reduced light 
state, a shutter position sensor 65 for detecting the shutter 
position, and a fan drive motor 37 for driving the fan 34 are 
further connected to the motor driver 48. 

When a prescan (preliminary reading) or ?ne scan (main 
reading) is performed by the linear CCD, the microprocessor 
46 adjusts the light irradiated onto a ?lm image by rotating 
the turret 36 via the turret drive motor 54 and sliding the 
diaphragm 39 via the diaphragm drive motor 56 on the basis 
of the positions of the turret 36 and diaphragm 39 detected 
by the turret position sensor 55 and the diaphragm position 
sensor 57. 

The microprocessor 46 also determines the Zoom magni 
?cation in accordance With the siZe of the ?lm image and 
Whether or not trimming is to be performed. The micropro 
cessor 46 also slides the loading stand 47 via the reading 
section position sensor 59 on the basis of the position of the 
loading stand 47 detected by the reading section position 
sensor 59, so that the ?lm image can be read by the linear 
CCD 116 at the determined Zoom magni?cation. In addition, 
the microprocessor 46 slides the lens unit 50 via the lens 
drive motor 60 on the basis of the position of the lens unit 
50 detected by the lens position sensor 61. 

Note that When autofocus control is performed to match 
the light receiving surface of the linear CCD 116 With the 
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?lm image focus position using the lens unit 50, the micro 
processor 46 only slides the loading stand 47 using the 
reading section drive motor 58. This autofocus control can 
be performed so that, for example, the contrast of the ?lm 
image read by the linear CCD 116 is at the maximum 
(knoWn as the image contrast method), or it can be per 
formed instead by providing a distance sensor for measuring 
the distance betWeen the photographic ?lm 22 and the lens 
unit 50 (or the linear CCD 116) using infrared or the like and 
performing the autofocus control on the basis of the distance 
detected by the distance sensor instead of by using data of 
the ?lm image. 
Atiming generator 74 is also connected to the linear CCD 

116. The timing generator 74 generates various types of 
timing signal (clock signal) for operating the linear CCD 
116, the A/D converter 82 (described beloW), and the like. 
The signal output terminal of the linear CCD is connected 
via an ampli?er 76 to the A/D converter 82. Signals output 
from the linear CCD 116 are ampli?ed by the ampli?er 76 
and converted into digital data by the A/D converter 82. 

The output terminal of the A/D converter 82 is connected 
to the image processing section 16 via a correlation dual 
sampling circuit (CD5) 88, and an interface circuit (I/F) 90 
in that order. In the CD5 88, feedthrough data indicating the 
level of a feedthrough signal and pixel data indicating the 
level of a pixel signal are sampled and the feedthrough data 
is subtracted from the pixel data for each pixel. The results 
of the calculation (pixel data Which corresponds accurately 
to the accumulated charge amount in each CCD cell) are 
then output in sequence as scan image data to the image 
processing section 16 via the I/F circuit 90. 

Note that because the R, G, B photometric signals from 
the linear CCD 116 are output in parallel, three signal 
processing systems each comprising an ampli?er 76, anA/D 
converter 82, and a CD5 88 are also provided and the R, G, 
B image data from the I/F circuit 90 is input in parallel into 
the image processing section 16 as scan image data. 

The aforementioned display unit 18, keyboards 12A and 
12B, the mouse 20, and the ?lm carrier 38 are also connected 
to the image processing section 16. Accordingly, the image 
processing section 16 controls the transporting of the pho 
tographic ?lm 22 using the ?lm carrier 38. The image 
processing section 16 also displays frame images read by the 
linear CCD scanner 14 on the display unit 18 or displays on 
the display unit 18 an estimation of hoW these images Will 
appear When recorded on printing paper. It is also possible 
to re?ect image corrections and the like instructed by an 
operator via the keyboard 12A in the image processing 
conditions. 

In the present embodiment, tWo readings of different 
resolutions are performed in the linear scanner 14 of each 
frame image. In the ?rst reading Which is performed at a 
comparatively loW resolution (referred to beloW as a 
“prescan”), the frame image can be read under reading 
conditions (i.e. the amount of light in each R, G, B Wave 
length region of the light irradiated onto a photographic ?lm 
and the CCD charge accumulation time) determined so that 
saturation of the charge accumulation in the linear CCD 116 
does not occur even When the density of the frame image is 
extremely loW (as in, for example, an overexposed negative 
image on a negative ?lm). The image data obtained from this 
prescan (prescan image data) is input to the image process 
ing section 16. 

In the second reading Which is performed at a compara 
tively high resolution (referred to beloW as a “?ne scan”), 
the frame image is read under reading conditions set on the 
basis of the prescan image data. 
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(The Structure of a Film Carrier for an APS Film) 

FIG. 8 is a schematic diagram shoWing the transport 
system of a ?lm carrier 38$ for an APS ?lm (the cabinet of 
the ?lm carrier 385 is omitted from the ?gure). 
A cartridge 402 housing an APS ?lm 225 is set at a 

predetermined position in the ?lm carrier 38S. Pairs of 
transporting rollers of various types (described later) are 
disposed along the direction in Which the APS ?lm 225 is 
WithdraWn from the set cartridge 402. Note that the direction 
indicated by the arroW P Which is the direction in Which the 
APS ?lm 225 is WithdraWn is referred to beloW as the 
WithdraWal direction, While the direction indicated by the 
arroW Q Which is the direction in Which the APS ?lm is taken 
up and housed is referred to beloW as the take-up direction. 

Various devices are provided along the WithdraWal direc 
tion (the direction of the arroW P) from the predetermined 
position Where the cartridge 402 is set. In sequence these 
are: a pair of transporting rollers 404; a pair of dust remov 
ing rollers 406 for removing dust from the top surface of the 
APS ?lm 225; a pair of dust removing rollers 408 for 
removing dust from the top surface of the magnetic record 
ing layer formed on the rear surface of the APS ?lm 225 (this 
pair removes the dust from both edges of the APS ?lm 225 
in the WidthWise direction thereof; a perforation sensor 412A 
for detecting the perforations 28 in the APS ?lm 225 shown 
in FIG. 11; a magnetic information reading and Writing 
section 410 provided With a magnetic head 410R (the 
upstream head When the ?lm is being WithdraWn) for 
reading magnetic information from the magnetic track of the 
APS ?lm 22S and a magnetic head 410W (the doWnstream 
head When the ?lm is being WithdraWn) for Writing magnetic 
information to the same magnetic track (this section reads 
and Writes the magnetic information at both edges of the 
APS ?lm 225 in the WidthWise direction thereof); a pair of 
transporting rollers 414; a ?lm support member 416 for 
holding the position of the APS ?lm 225 on the optical axis 
relative to other optical systems at the frame image scanning 
position; a pair of transporting rollers 418; a perforation 
sensor 412B for detecting perforations 28 in the APS ?lm 
225; a pair of transporting rollers 420; and a temporary 
take-up portion 422 onto Which the APS ?lm 225 is tem 
porarily Wound. 
From among these, the bottom roller of each of the pairs 

of transporting rollers 404, 414, 418, and 420 is the drive 
roller, While the top roller is the slave roller. 
The ?lm carrier 385 is also provided With an unillustrated 

motor Which acts as the drive source for the pairs of 
transporting rollers 404, 414, 418, and 420. The drive shaft 
of the motor and the drive shafts of the pairs of transporting 
rollers 404, 414, 418, and 420 are connected by an unillus 
trated multistage gearing mechanism Which comprises a 
plurality of endless belts, pulleys of varying diameters, and 
the like. The speed of rotation of the drive shafts of the pairs 
of transporting rollers 404, 414, 418, and 420 are changed by 
the multistage gearing mechanism, thereby enabling the 
speed at Which the APS ?lm 225 is transported to be varied. 
The substantially central portion betWeen the pairs of 

transporting rollers 414 and 418 is the scanning position of 
the APS ?lm 225 by the linear CCD 116. A slit shaped hole 
for scanning light is provided in the ?lm support member 
416 as Well as directly above and directly beloW the scan 
ning position in the unillustrated cabinet of the ?lm carrier 
38S. Namely, as is shoWn in FIG. 3, scanning light is 
irradiated from beloW at the scanning position onto the APS 
?lm 225 Which is transported through the interior of the ?lm 
carrier 38S and the light Which passes through the APS ?lm 
22S reaches the linear CCD sensor provided above the ?lm 
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carrier 38S. Note that, although omitted from the ?gures, a 
?lm extracting mechanism for automatically feeding the 
leading edge of the APS ?lm 22S from the cartridge 402 to 
the nipping portion of the pair of transporting rollers 404 
When the cartridge 402 is set in the position shoWn in FIG. 
8 is also integrated in the ?lm carrier 38S. 

The above ?lm extracting mechanism, the drive action of 
the motor, the timing of the reading and Writing of the 
magnetic information by the magnetic information reading 
and Writing section 410 are controlled by the image pro 
cessing section 16 shoWn in FIG. 6. TWo control programs 
are stored in this image processing section 16—one is a 
transport control program for performing magnetic informa 
tion reading and prescanning When the ?lm is WithdraWn, 
and the other is a transport control program for performing 
magnetic information Writing and ?ne scanning When the 
?lm is taken up. 

Moreover, in the above ?lm carrier 38S, not only an APS 
?lm 22S housed in a cartridge 402, but also a strip ?lm 
extracted from a ?lm case can be transported along the 
above described path by being inserted in the nipping 
portion of the pair of transporting rollers 404 as indicated by 
the dot-dash line in FIG. 8. 

Note that each of the distance L1 betWeen the perforation 
sensor 412A and the magnetic head 410W, the distance L2 
betWeen the magnetic head 410W and the linear CCD 116 
scanning position (for an APS ?lm), and the distance L3 
betWeen this scanning position and the perforation sensor 
412B is an integral multiple (the multiple being 1><in the 
present embodiment) of the front pitch (referred to beloW as 
the “image frame pitch”) Which is a length betWeen tWo 
adjacent front perforations. (In this embodiment, perfora 
tions are positioned at the left and right sides of an image 
frame. The terms “front perforation” and “back perforation” 
refer respectively to the perforation positioned at the left and 
at the right of an image frame Therefore, When an APS ?lm 
22S is transported in the take-up direction (the direction of 
the arroW Q), at the time When the perforation sensor 412A 
or perforation sensor 412B detects the front perforation 28 
of an image frame, the leading edge of the image frame (the 
leading edge of the magnetic recording layer) one frame 
behind the image frame Whose front perforation 28 is 
detected or the leading edge of the image frame (the leading 
edge of the magnetic recording layer) tWo frames ahead of 
the image frame Whose front perforation 28 is detected is 
positioned at the Writing magnetic head 410W. 
(Film Transport Control) 

The operation of the present embodiment Will noW be 
explained in accordance With the How chart shoWn in FIG. 
9. 

Note that, taking an APS ?lm 22 on Which 40 frame 
images have been recorded as an example, the ?rst frame of 
the APS ?lm that is WithdraWn from the cartridge 402 is 
taken as frame 1, and the frames on the APS ?lm are 
thereafter taken as frame 2, frame 3, etc. doWn to frame 40. 

In the explanation beloW, the term “magnetic information 
reading” indicates reading magnetic information such as 
Whether or not a ?ash Was used to take a photograph, the 
date of the photograph, the shutter speed, the exposure 
amount, and the like; the term “prescan of a frame image” 
indicates a preliminary scanning in Which an image is read 
at a comparatively rough degree of reading accuracy in order 
to determine the values to be set (the reading conditions) for 
the ?ne scan to folloW; the term “?ne scan” indicates a ?nal 
image reading at a high level of accuracy suitable for 
recording the image; and the term “magnetic information 
Writing” indicates the Writing of magnetic information 

10 

15 

25 

35 

45 

55 

65 

12 
expressing image processing conditions and the like for each 
frame image on the basis of the results of the prescan. 
When the operator has set the cartridge 402 at the pre 

determined position in the ?lm carrier 38S and instructed via 
the keyboard 12B that the reading of the frame image be 
started, the image processing section 16 begins to execute 
the processing routines of the control processing shoWn in 
FIGS. 9 and 10. 
The ?lm transporting control Will noW be explained With 

reference to the How charts of FIGS. 9 and 10 and to the 
conceptual vieWs shoWn in FIG. 11. Note that an APS ?lm 
22 has a magnetic recording layer formed on the rear surface 
thereof, hoWever, for convenience of explanation, the mag 
netic recording layer is shoWn as being on the front surface 
of the ?lm in FIGS. 10 and 11. 

In the ?lm carrier 38, the APS ?lm 22 is WithdraWn from 
the cartridge 402 by an unillustrated ?lm feed mechanism 
and transported in the direction of the WithdraWal (the 
direction indicated by the arroW P) by the pair of transport 
ing rollers 404. When the leading end of the APS ?lm 22S 
is detected by the perforation sensor 412A, the APS ?lm 22S 
is then transported at a constant speed, and the magnetic 
information of each image frame of the APS ?lm 22S is read 
by the magnetic head 410R of the magnetic information 
reading and Writing section 410. The APS ?lm 22S is then 
prescanned at the scanning position by the linear CCD 116. 

During the image reading, because the APS ?lm 22S is 
held by the ?lm supporting member 416, there is no sagging 
or vibration of the surface of the APS ?lm 22S alloWing the 
prescan to be appropriately carried out. After the APS ?lm 
22S has passed through the pair of transporting rollers 420, 
it is taken up by the temporary take-up portion 422. 

Note that because a high level of reading accuracy is not 
required in the prescan, the APS ?lm 22S can be transported 
at a constant speed and the reading of the magnetic infor 
mation can also be performed at a constant speed. 
At this time, the reading conditions for the ?ne scan and 

the image processing conditions are calculated and set for 
each frame image on the basis of the results of the prescan 
of each frame image. In this Way, each frame image of the 
photographic ?lm 22S from image 1 to image 40 is pres 
canned in sequence, and the reading conditions for the ?ne 
scan and the image processing conditions are set for each 
frame image on the basis of the results of the prescan. 
The magnetic information and prescan image data are 

input into the image processing section 16 and stored in 
RAM 68. When the perforation in the terminal end of the 
APS ?lm 22S is detected by the perforation sensor 412B, a 
determination is made that all the image frames have been 
prescanned. Therefore, the transporting of the APS ?lm 22S 
in the direction of WithdraWal is halted (step 200). 

Next the APS ?lm 22S is transported in the direction in 
Which it is taken up (the direction indicated by the arroW Q) 
at a transporting speed determined for each image frame on 
the basis of the prescan image data. Each image frame is ?ne 
scanned and, at the same time, magnetic information is 
Written by the magnetic head 410W of the magnetic infor 
mation reading and Writing section 410 (step 202). 

This ?ne scan (step 202) Will noW be explained in detail 
With reference to FIGS. 10 and 11. Note that in FIG. 11, the 
state Where the APS ?lm 22S is being transported in the 
take-up direction (the direction indicated by the arroW Q) 
during ?ne scanning is expressed as a relative movement of 
the magnetic head 410W and the linear CCD 116 for the 
APS ?lm 22S to the WithdraWal direction (the direction of 
the arroW P). In FIG. 11, the solid line in FIG. 11 indicates 
the distance of the relative movement of the linear CCD 116 








